Enhanced Akt signaling is an early pro-survival response that reflects N-methyl-D-aspartate receptor activation in Huntington's disease knock-in striatal cells.
Huntington's disease features the loss of striatal neurons that stems from a disease process that is initiated by mutant huntingtin. Early events in the disease cascade, which predate overt pathology in Hdh CAG knock-in mouse striatum, implicate enhanced N-methyl-D-aspartate (NMDA) receptor activation, with excitotoxity caused by aberrant Ca2+ influx. Here we demonstrate in precise genetic Huntington's disease mouse and striatal cell models that these early phenotypes are associated with activation of the Akt pro-survival signaling pathway. Elevated levels of activated Ser(P)473-Akt are detected in extracts of Hdh(Q111/Q111) striatum and cultured mutant STHdh(Q111/Q111) striatal cells, compared with their wild type counterparts. Akt activation in mutant striatal cells is associated with increased Akt signaling via phosphorylation of GSK3beta at Ser9. Consequent decreased turnover of transcription co-factor beta-catenin leads to increased levels of beta-catenin target gene cyclin D1. Akt activation is phosphatidylinositol 3-kinase dependent, as demonstrated by increased levels of Ser(P)241-PDK1 kinase and decreased Ser(P)380-PTEN phosphatase. Moreover, Akt activation can be normally stimulated by treatment with insulin growth factor-1 and blocked by treatment with the phosphatidylinositol 3-kinase inhibitor LY294002. However, in contrast to wild type cells, Akt activation in mutant striatal cells can be blocked by the addition of the NMDA receptor antagonist MK-801. Akt activation in mutant striatal cells is Ca(2+)-dependent, because treatment with EGTA reduces levels of Ser(P)473-Akt. Thus, consistent with excitotoxicity early in the disease process, activation of the Akt pro-survival pathway in mutant knock-in striatal cells predates overt pathology and reflects mitochondrial dysfunction and enhanced NMDA receptor signaling.